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Abstract 
As a commercial photolithography dry film is not possible to achieve a very deep (greater than 30μm)  step etch, to 
fabricate Burnish head and Glide head in slider fabrication section of hard disk drive industry, by dry etching of 
ceramic Al2O3-TiC material due to the low etch selectivity of  substrate to dry film mask. This paper aim to 
investigate the etch selectivity of substrate to hard metal mask which have high potential that significantly to increase 
the etch selectivity allowable to produce the 30 μm AlTiC etch depth and etch rate of the two type of fluorine-based 
plasma; SF6 plasma versus CF4 plasma are also explored.  
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
Air-bearing surface (ABS) is an important part on a slider head that can make a slider fly over the disk 
media which is composed of suitable patterns and etched steps. The various ABS are designed for 
controlling a variable amount of a positive pressure which generate a force to push the slider away from 
disk and negative pressure which generate a force to pull the sliders towards the disk when there is a 
balance between a push force and a pull force on slider head it will keep the slider head fly with a certain 
distance over the disk so that to perform “read” and “write” functions. 
In order to create ABS on sliders, lithography process and dry etching process are required. A General 
lithography process of the slider fabrication is following these processes sequence; 1.) Laminated dry film 
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(polymer base material) on Al2O3-TiC (or known in the industry is AlTiC) substrate and also can use Spin 
or Spray technique to coat wet (Clariant AZ4620) film on the substrate. Both dry film and wet film are 
photosensitive material also called “photoresist” or “resist”. 2.) Exposured step, it is the using a light 
source at a certain wavelength to expose the light onto the photoresist. When photoresist is exposed, it 
will be changed physical properties. This means, in the same time, some area is not experience with the 
light (unexposed), it will not be changed its physical properties. Exposed and un-exposed areas are 
obtained by mask blocking between a light source and a photoresist. 3.) Developed step; when the 
photoresist is placed in a developer solution after exposured step, it will etch the unexposed area for a dry 
film and vice versa for the wet film by means it will etch away of the exposed area. At this stage, the part 
is ready to use for dry etching process. 4.) Dry etching process, there are two kinds of dry etching that 
widely to use in the slider fabrication; Ion Beam Etching (IBE) or is known as Ion Milling (IM). IM use 
the inert Ar gas as a plasma source. The reactive gas, such as SF6, CF4, H2, Cl2, BCl3 and also mix some 
of them together as a plasma source for example CF4/H2 [1, 2], is used for RIE. The etch depth on the 
ABS for the read and write slider head is generally less than 5 Pm.
There are other types of slider, called burnish slider and glide slider, which is used for cleaning or 
burnishing magnetic media. A burnish process is combined with the glide test process which is widely 
operated in the hard disk industry for testing the smoothness of a disk surface. The burnish process which 
is used for burnishing a slider is monitored and controlled to identify an interaction or a contact between 
the head and media because of, for example, a damaged burnished head, the substrate curvature problems, 
and the lube pick-up problems. A piezoelectric sensor is mounted on the burnish arm which holds the 
burnish heads. When a head-disk interaction occurs, the stress waves travel through the head to the sensor 
and an amplified signal is gathered in a tester database as an acoustic emission. The abnormal conditions 
will trigger an unusual emission that is detected to trigger an alert [3]. The basic operation of the glide test 
is to fly a glide head to detect any contacts between the glide head and the asperity on the surface of the 
magnetic disk after finishing the burnished process. It’s can be explained in another way is the glide test 
use for checking the cleanliness of the disk surface after cleaning the surface by using the burnished 
process. If the disk is not clean after first burnishing which detected by the glide test, then it can be sent to 
do burnishing again. For the fabrication of the burnished head, Simone Guerriero [4] published his invent, 
the burnished head had the etch depth greater than 30 Pm, In the generally the etch depth can be reached 
65 Pm by using copper metal mask and etching with SF6/Ar mixture plasma in a Plasma Therm 13.56 
MHz RIE system (a standard parallel plate configuration).  
In order to achieve a very deep of AlTiC etch depth (greater than 30 Pm), the hard mask is introduced 
to use in this experiment because a commercial dry film mask is not possible to succeed such a high 
AlTiC depth 30 Pm. To Consider a dry film with thickness 3 mils (76.2 Pm) and RIE etch selectivity ( 
AlTiC : Photo-resist (3 : 10) ) = 0.3 [2], the dry film will allow AlTiC depth only 22.86 Pm by using 
single layer of the dry film. Although it is able to apply double or triple layer of dry film to get a higher 
AlTiC etch depth but there are return to the poor mask pattern quality and under-exposed pattern problem 
in lithography process.  
All metals and metal alloys are able to use as a hard mask such as Ni, NiCr, NiFe, Cr and Cu. To 
prepare pattern hard mask on AlTiC substrate, electroplating technique [5], lift-off technique [6] and etch-
back technique [7, 8] can be used. 
This paper aim to investigate the etch selectivity (AlTiC : NiCr Mask, which was calculated by amount 
of AlTiC removal divided by amount of mask removal) and the etch rate of two type of fluorine-based 
plasma; SF6 plasma versus CF4 plasma. The objective is to filter the type of the plasma for the further 
optimized experiment process. The long term goal is to achieve the highest etch selectivity and highest 
AlTiC etching rate for obtaining a high throughput and a low cost of Burnish head and Glide head 
process. 
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2. Experimental 
Before the testing in the etching step, the experiment parts were prepared by lift-off technique which 
went through the following steps; coated 10 um wet photo-resist on 3” AlTiC wafer, photolithography for 
pattern the mask, developed the mask, deposited NiCr (90% of Ni and 10% of Cr) 250nm thickness by 
sputtering technique and finally removed the wet photo-resist. 
The 3” of AlTiC wafers with a patterned NiCr mask are etched in a STS Multiplex-Pro Air Bearing 
Etch (high density) ICP system as illustrated in Fig. 1. The system consisted of an rf 13.56 MHz 
generator which is capable up to 3kW output applied to inductive coil, used for igniting the plasma (The 
amount of rf power applied to inductive coil is called “coil power”). A lower output generator (1.5kW 
maximum) rf 13.56 MHz applied to the platen electrode which held the substrate inside the chamber, was 
used to bias the substrate and enabled the independent bias control of the substrate (The amount of rf 
power applied to platen electrode is called “platen power”). 
The etched wafers were determined the etching removal of both AlTiC and NiCr mask by stylus 
profiling technique (KLA-Tencor) and Scanning Electron Microscope (SEM) model XL30S FEG, 
Philips. 
Fig. 1. STS Multiplex-Pro Air Bearing Etch (high density) ICP system 
3. Result and Discussion 
3.1. Etch selectivity and etch rate 
The trial # 1 (SF6) versus the trial# 3 (CF4) in table1 at the coil power 500W and platen power at 
550W, it was found that SF6 plasma provide a lower etching rate (~ 2.8 x) and a lower etch selectivity (~ 
1.38 x) compare to CF4 plasma at the same setting process. The huge different of the etching rate 
between these two trials can be explained via the using different kind of plasma. While the plasma was 
forming, it would contain the etchant ion species such as SFx+ (x = 0-5) positive ions and the important 
negative ions including SF6
-, SF5
- and F- [9]. While CF4 plasma was forming, it should contain with 
positive CF4+, CF3+, CF2+, CF+, C2+, F+ and negative ion F
-. The authors believed that the CF4 plasma 
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would contain much more positive ion species which were responsible for physical etching (sputtering) 
than the SF6 plasma. So it could lead to the higher etching rate of CF4 plasma. The higher etching rate 
will not occur only on AlTiC substrate but also on the metal NiCr mask. The amount of the NiCr removal 
in CF4 plasma is higher than in SF6 plasma about 2 times but the amount of the metal mask removal is 
still lower than the amount of AlTiC substrate removal (2.8 times) so eventually the using the CF4 plasma 
provides a higher etch selectivity about 1.38 times over than using the SF6 plasma.  
Considering only in SF6 plasma environment between the trial # 1 and the trial # 2, the trial # 2 was 
increased Coil power ~ 3 times (intended to increase chemical etching) and increased platen power ~ 2 
times (intended to increase physical etching). The result showed that the etch rate of both metal mask and 
substrate are increased with ~ 2.27 times for metal mask and ~ 1.45 times for AlTiC substrate. The etch 
rate of metal mask is higher than the etch rate of AlTiC substrate. It should relate to the hardness of both 
materials, the NiCr hardness is 8.5 GPa which is softer than the AlTiC substrate that has 17.6 GPa of 
hardness. The increasing of metal mask etch rate is higher than AlTiC etch rate when increasing the coil 
power and the platen power, it effects to the lower etch selectivity in trial # 2.  
Let’s consider the etch-by product of NiCr/AlTiC system which was contributed the etching rate to be 
higher if the etch by-products are in gas phase (chemical etching), for the metal mask NiCr, there are 
potentially occur CrF5 (bp = 117qC), CrF2 (bp > 1,300qC), NiF2 (bp = 1,750qC) and for the AlTiC 
substrate, there are possible to occur TiF4 (bp = 284qC), TiF3 (bp = 1,400qC) and AlF3 (bp = 1,272qC).
The combination of the material composition, the metal mask have Ni (~90%), Cr (~10%) and AlTiC 
substrate have Al2O3 (~65%), TiC (~35%), should be included when considering. The roughly estimate 
can be made with the most of etch-by product could be NiF2 and AlF3 due to a high composition in the 
system. They have a high boiling point (bp) which is higher than a thousand degree Celsius, so these etch-
by products are in the solid phase in such a low pressure etching system. It’s suggested that the etch rate 
and the etch selectivity of NiCr mask, AlTiC substrate are etched in fluorine-based plasma system is 
mainly control by physical etching.
The result of the trial # 2 also showed that the adjustment of the platen power is more effect to the 
system than the alteration of the coil power because the adjusting coil power 3x is higher than the 
adjusting platen power only 2x, but this is not surprise us because our system is more dominated by the 
physical etching as a lower or a higher power at the platen. It will result in a lower or higher sputtering 
rate as already explained in above paragraph. 
In trial # 4 was tested in CF4 plasma with increasing the platen power from 550 Watts (trial # 3) to 625 
Watts. In this setting, we’d like to observe the trend that we increased a few physical etching, 75 Watts. 
The result showed that the etching rate of both metal mask and substrate were increased but the selectivity 
is decrease. So at this point if we’d like to achieve the higher etch selectivity we should try with a lower 
platen power but it will trade-off with the etch rate which turn back with a lower etch rate. 
3.2. Scanning Electron Microscope (SEM) 
The etching condition of the trial # 3 was selected to demonstrate the deep AlTiC depth 30 μm 
fabrication with lift-off technique by using NiCr mask thickness 7 um and process in RIE with etching 
time 465 minutes. 
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Table 1. Etching trials 
Parameters Trial # 1 Trial # 2 Trial # 3 Trial # 4 
Coil  power     (Watt) 500 1,500 500 500 
Platen power   (Watt) 550 1,000 550 625 
SF6 flow rate   (sccm) 20 20 - - 
CF4 flow rate  (sccm)  - - 20 20 
Pressure          (mTorr) 3 3 3 3 
Chiller Temperature   ( qC ) -5 -5 -5 -5 
Etch time        ( minute ) 10 10 10 10 
Result
NiCr removed       (nm) 55.88 127.00 114.30 167.64 
NiCr etch rate       (nm/min) 5.59 12.70 11.43 16.76 
AlTiC removed    (nm) 228.60 332.74 647.70 673.10 
AlTiC etch rate    (nm/min) 22.86 33.27 64.77 67.31 
Selectivity  ( AlTiC : NiCr ) 4.09 : 1 2.62 : 1 5.67 : 1 4.02 : 1 
Fig. 2. SEM image of demonstrated a deep AlTiC depth 30 μm 
4. Conclusions 
The etch selectivity, etch rate of SF6 plasma and CF4 plasma were tested to etch AlTiC substrate with 
NiCr metal mask. The highest etch selectivity and AlTiC etch rate that achieved by using CF4 plasma 
with selectivity (AlTiC (5.67) : NiCr (1)) and etch rate 64.77 nm/min. The plasma type is the one 
important factor that impacts the etching rate because it concerns about a number of positive ion species 
is generated from the plasma which control the etching rate in a physical etching which dominate the 
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system such a NiCr/AlTiC with fluorine-based plasma etching. CF4 plasma was selected for further 
experiment to achieve the higher etch selectivity with a lower kinetic energy process regime.  
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